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7KH (8IXQGHG SURMHFW ³3XEOLF 7UDQVSRUWDWLRQ ± $FFHVVLELOLW\ IRU $OO´ 3XE7UDQV$OO ZLOO GHYHORS D SURWRW\SH
YHKLFOHEDVHG ERDUGLQJ DVVLVWDQFH V\VWHP WKDW FDQ EH EXLOW LQWR QHZ UDLO YHKLFOHV RU UHWURILWWHG LQWR H[LVWLQJ UDLO






.H\ZRUGV 3XEOLF 7UDQVSRUWDWLRQ 5DLOZD\ VHFWRU $FFHVVLELOLW\ 3HUVRQV ZLWK UHGXFHG PRELOLW\ 350 %RDUGLQJ DVVLVWDQFH
V\VWHPV3URWRW\SH
7KHSURMHFW3XE7UDQV$OO
7KH SURMHFW 3XE7UDQV$OO IXQGHG XQGHU WKH (XURSHDQ &RPPXQLW\
V 6HYHQWK )UDPHZRUN 3URJUDPPH
)3 KDV VWDUWHG LQ 6HSWHPEHU  ZLWK D SURMHFW GXUDWLRQ RI  PRQWKV 7KH SURMHFW¶V
REMHFWLYH LV WR GHYHORS D VWDQGDUG ERDUGLQJ DVVLVWDQFH V\VWHP %$6 WKDW FDQ EH EXLOW LQWR QHZ UDLO







Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
342   Mag. Barbara Birkenmeyer et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  341 – 349 
PDNH LW SRVVLEOH WR HIIHFWLYHO\ XVH WKH GHYLFH WR DFFHVV UDLO YHKLFOHV $FFHVVLELOLW\ IRU UDLO YHKLFOHV LV









7KH PXOWLGLVFLSOLQDU\ FRQVRUWLXP FRQVLVWV RI  SURMHFW SDUWQHUV IURP VHYHQ GLIIHUHQW (XURSHDQ
FRXQWULHVDQGLQFOXGHVXVHUVSXEOLFWUDQVSRUWRSHUDWRUVDFDGHPLFUHVHDUFKHUVDQGPDQXIDFWXUHUV
0DLQSUREOHPH[LVWLQJKLJKIORRUYHKLFOHV
7KHPDLQ DFFHVVLELOLW\ SUREOHP IRU UDLO WUDQVSRUW RSHUDWRUV LV WKDWPDQ\ ROG WUDLQV KDYH VLJQLILFDQW
YHUWLFDOGLIIHUHQFHVHJVWHSVDQGKRUL]RQWDOJDSVEHWZHHQWKHYHKLFOHDQGWKHSODWIRUP7KLVSUREOHPLV





SODWIRUPVPD\ KDYH GLIIHUHQW KHLJKWV DQG SURILOHV0RUHRYHU WKH H[DFW SK\VLFDO GLPHQVLRQV RI UROOLQJ
VWRFNHJKHLJKWFDQDOVRYDU\GHSHQGLQJRQ LWVRFFXSDQF\DQGZHDU'HVLJQHUVPXVWDOVRFRQVLGHUD




QHZ ERDUGLQJ DVVLVWDQFH V\VWHP 7DEOH  SUHVHQWV WKH LPSRUWDQFH RI D ERDUGLQJ DVVLVWDQFH V\VWHP IRU
GLIIHUHQWXVHUJURXSVIXOO\GHVFULEHGLQ'HOLYHUDEOH³%RDUGLQJ$VVLVWDQFH6\VWHP(YDOXDWLRQ&ULWHULD
5HSRUW´ 5JHU 7DXVFKLW] 	 3HWXWVFKQLJ  DQG 7DEOH  VXPPDUL]HV WKH HYDOXDWLRQ FULWHULD )RU
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7DEOH2SHUDWRUDQGPDQXIDFWXUHU±HYDOXDWLRQFULWHULD
,PSURYLQJDFFHVVLELOLW\±H[DPSOHVIRUERDUGLQJDVVLVWDQFHV\VWHPV
,PSURYLQJ DFFHVVLELOLW\ PHDQV HLWKHU FUHDWLQJ OHYHOERDUGLQJ E\ DGMXVWLQJ SODWIRUP KHLJKW WR WKH









































































RI UROOLQJ VWRFN DQG VWDWLRQV VLQFH WKH\ FDQ EHPRYHG DURXQG RQ WKH SODWIRUP DQG FDQ EULGJH YDULDEOH
KRUL]RQWDO JDSV DQG YHUWLFDO FKDQJHV 6LPLODUO\ YHKLFOHEDVHG OLIWV FDQ EH DGDSWHG WR PDQ\ GLIIHUHQW
SODWIRUPKHLJKWVDFFRUGLQJO\7KHVHOLIWVDUHRSHUDWHGE\WUDLQRSHUDWLQJVWDIIDQGDUHXVXDOO\SXVKHGRQ
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WKHSODWIRUPWRWKHWUDLQGRRUDQGWKHQPDQXDOO\RSHUDWHG6LPLODUWRPDQXDOO\GHSOR\HGUDPSVWKHVHOLIWV
UHTXLUHHUJRQRPLFGHVLJQQRWRQO\WREHXVHGIRUWKHZKHHOFKDLUXVHUVEXWDOVRIRUWKHVWDIIZKRPRYHV




$Q DGGLWLRQDO DGYDQWDJH RI YHKLFOH EDVHG PHFKDQLFDO OLIWV LV WKH SRVVLELOLW\ WR HYDFXDWH ZKHHOFKDLU
XVHUV XQGHU H[WUDRUGLQDU\ FRQGLWLRQV LQ FDVH RI DQ HPHUJHQF\ HYHQ ZLWKRXW SODWIRUPV LQEHWZHHQ
VWDWLRQV DV OLIWV FDQ XVXDOO\ PDQDJH JUHDWHU IORRUWRJURXQG GLVWDQFHV WKDQ UDPSV 9HKLFOHEDVHG
PHFKDQLFDOOLIWVUHTXLUHDQHQHUJ\VRXUFH7ZRGHYLFHVSHUYHKLFOHPXVWEHSURYLGHGRQHRQHDFKVLGH
7KHGLPHQVLRQVRI WKH OLIWSODWIRUPLQD IROGHGVWRZLQJSRVLWLRQQHHGV WREHQDUURZHU WKHQGRRUZLGWK






HYDOXDWLRQ RI H[LVWLQJ %$6 DFFRUGLQJ WR GHILQHG FULWHULD DQG LQWHUYLHZV ZLWK UDLOZD\ RSHUDWRUV
PDQXIDFWXUHUV DQGXVHUV SHUIRUPHG LQ FRXQWULHV2Q WKHRWKHU KDQG UHFRPPHQGDWLRQV DUHEDVHGRQ
DQDO\VHVRIH[LVWLQJ(XURSHDQRUQDWLRQDOQRUPV OLNH76,3505DLO9HKLFOH$FFHVVLELOLW\5HJXODWLRQV
59$5 8QLRQ ,QWHUQDWLRQDOH GHV &KHPLQV GH )HU 8,& GRFXPHQWV SUHSDUHG E\ VRPH LQWHUQDWLRQDO





















7KHUH DUH LQFOXGHG UHFRPPHQGDWLRQV IRU %$6 W\SHV WKDW DUH VXLWDEOH IRU HYHU\ W\SLFDO VLWXDWLRQ
OLPLWLQJ DQG GHVLUDEOH YDOXHV RI WKH WHFKQLFDO SDUDPHWHUV DQG IHDWXUHV WKDW VKRXOG EH DFKLHYHG 7KH
FRPSOHWH VHW RI UHFRPPHQGDWLRQV FDQ EH IRXQG LQ 'HOLYHUDEOH  ³5HFRPPHQGDWLRQV IRU ,PSURYLQJ
%RDUGLQJ$VVLVWDQFHV\VWHPV³6LPLFHWDO
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'HVLJQUHFRPPHQGDWLRQVIRULPSURYHG%$6
7KHPDLQJRDORIWKH3XE7UDQV$OOSURMHFWLVWKHGHYHORSPHQWDQGEXLOGLQJRIDSURWRW\SHRIDQHZ
LPSURYHG%$67KHFRQVRUWLXPGHFLGHG WRGHYHORSD%$6VROXWLRQ IRU WKH8,&ZDJRQVZKLFKDUH WKH
PRVW GHPDQGLQJ EHFDXVH RI WKHLU SRN\ HQWUDQFH DUHD$W WKHPRPHQW QR%$6 IRU WKDW W\SH RI ZDJRQ
H[LVWV8,&ZDJRQV OLNH WKHH[DPSOH LQ)LJXUH DUHGHILQHGE\ WKH8,& LQRUGHU WR IDFLOLWDWH UDLOZD\













7KH DQDO\VLV RI WKH H[LVWLQJ %$6 LQ HDUOLHU SURMHFW SKDVHV VKRZHG WKDW WKHUH DUH QR H[LVWLQJ %$6
VROXWLRQVRQSDVVHQJHUZDJRQVZLWKGRRUVRIPPZLGWKSRVLWLRQHGLQWKHIURQWDUHDGLUHFWO\EHKLQG





PLQLPXP  PP RYHU IORRU OHYHO $OPRVW DOO 8,& ZDJRQV GR QRW RIIHU PRUH WKDQ WKLV PLQLPXP
EHFDXVHWKHVSDFHRYHUWKHGRRUDUHDLVXVHGIRUXSSHUGRRUJXLGDQFH'XHWRWKHVPDOOFOHDUGRRUKHLJKWLW




EUDNH ZKHHO RU VRPH RWKHU HTXLSPHQW UHPDLQV WKHUH 6RPH FRYHUV IRU LQVSHFWLRQ RI WKH LQVWDOODWLRQV
EHKLQGWKHZDOOFDQEHWROHUDWHGVXSSRVLQJWKDWDIWHUWKH%$6LQVWDOOLQJWKH\FDQEHDFFHVVHGDWOHDVWLQ
PDLQWHQDQFHIDFLOLWLHV2QWKHRSSRVLWHZDJRQORQJLWXGLQDOVLGHWKHUHLVRIWHQQRWWKHWUDQVYHUVHZDOOEXW




UHFRPPHQGDWLRQV IRU WKH QHZ %$6 IRU 8,& ZDJRQV 5HFRPPHQGDWLRQV FRQWDLQ VRPH UHVWULFWLRQV LQ
FRPSDULVRQ WR QHZ YHKLFOHVZLWK ZLGHU GRRUV YHKLFOHV ZLWKRXW EXIIHUV RU YHKLFOHV ZLWK GRRUV ORFDWHG
IXUWKHU DZD\ IURP WKH EXIIHU DUHD 7KH FRPSOHWH OLVW RI GLPHQVLRQV WHFKQLFDO SDUDPHWHUV VHFXULW\
PHDVXUHVDQGRWKHUIHDWXUHVWKDWZLOOEHWDNHQLQWRFRQVLGHUDWLRQZKHQEXLOGLQJWKHQHZ%$6SURWRW\SH




)ROORZLQJ WKH HYDOXDWLRQ RI H[LVWLQJ %RDUGLQJ $FFHVV 6\VWHPV %$6 DQG WKH GHYHORSPHQW RI
UHFRPPHQGDWLRQV IRU LPSURYLQJ %$6 WKH GHYHORSPHQW RI SUHOLPLQDU\ GHVLJQ UHFRPPHQGDWLRQV IRU D
SURWRW\SHRI WKHYHKLFOHEDVHGERDUGLQJDVVLVWDQFHV\VWHPZDVGRQHE\D VSHFLDO3URGXFW'HYHORSPHQW
*URXS 3'* ZLWKLQ WKH 3XE7UDQV$OO FRQVRUWLXP )RU DFKLHYLQJ WKH EHVW SRVVLEOH UHVXOWV WKH
LQWHUGLVFLSOLQDU\ 3'* FRQVLVWV RI WKH ELJ YHKLFOHPDQXIDFWXUHUV 6LHPHQV DQG%RPEDUGLHU WKH UDLOZD\
GHSDUWPHQWVRIWKH789LHQQDDQGWKH8QLYHUVLW\RI%HOJUDGHWKHUDLOZD\FRPSDQ\%'=IURP%XOJDULD
WKH%$6PDQXIDFWXUHU0%%3DOILQJHU DQG WKH FRQVXOWDQW FRPSDQ\5RGODXHU&RQVXOWLQJ VSHFLDOL]HG LQ
DFFHVVLELOLW\7KHGLIIHUHQWGHVLJQFRQFHSWVWKDWGHULYHGIURPWZRLGHDZRUNVKRSVRIWKH789LHQQDDQG
EUDLQVWRUPLQJDQGGLVFXVVLRQVLQWKHFRQVRUWLXPKDYHEHHQUHYLHZHGZLWKWKHUHVXOW WKDW WKUHHFRQFHSWV
SDUDOOHO UDPS FRQYHUWLEOH VWHS OLIW DQG HOHYDWRU OLIW VKRXOGEHYHULILHGE\ WKH3URWRW\SH'HYHORSPHQW
*URXSPRUHLQGHWDLO7KH3'*FRPSDUHGDQGHYDOXDWHGWKHUHVXOWVRIWKHWHFKQLFDOIHDVLELOLW\VWXGLHVRI
WKH WKUHH GLIIHUHQW YDULDQWV DQG WKH WHFKQLFDO FRQGLWLRQV DQG FRQVWUDLQWV RI FRPPRQ 8,& ZDJRQV DQG
PRGHUQZDJRQV7KHWHFKQLFDODQDO\VLVRIWKH3'*SURYLGHGWKHUHVXOWWKDWDSDUDOOHOUDPSVROXWLRQLVQRW
DSSOLFDEOHIRUDKHLJKWGLIIHUHQFHRIPRUHWKDQPPZKLFKLVWKHFDVHIRUFODVVLFDO8,&ZDJRQVDQGDOO












RU HOHFWULFDO ZLULQJ 8,& ZDJRQV RU IROGLQJ VWHSV DQG FRXSOLQJ V\VWHPV LQ KLJK VSHHG WUDLQV +67
)XUWKHUPRUH WKHLQVWDOODWLRQRIVWHSOLIWV LVRQO\SRVVLEOHE\FXWWLQJDKROHLQWKHFDUERG\XQGHUIUDPH
VWUXFWXUH 7KLV LV XVXDOO\ LPSRVVLEOH GXH WR WKH KLJK ORQJLWXGLQDO WHQVLRQ IRUFH$GGLWLRQDOO\ D FXWRXW
ZRXOGZHDNHQWKHVWUHQJWKRIWKHFDUERG\VWUXFWXUHZKLFKPDNHVWKHLQVWDOODWLRQRIWKHVHOLIWVLPSRVVLEOH
LQFRPPXWHURUKLJKVSHHG WUDLQV0RUHRYHUKLJKHIIRUWVQHHG WREHVSHQW IRU IXOILOOLQJ WKHDLUSUHVVXUH
WLJKWQHVVUHTXLUHPHQWVHVSHFLDOO\IRU+67)RUWKHHOHYDWRUOLIWWKHWHFKQLFDODQDO\VLVRIWKH3'*SURYLGHG
WKHUHVXOW WKDWVXFKDVROXWLRQ LVQRWDSSOLFDEOHIRU WKHYHU\QDUURZGRRUV ZLGWKDQGKHLJKWZKLFKDUH
XVHGLQFODVVLFDO8,&FRDFKHVDQGDOORWKHUKLJKIORRUWUDLQV'XHWRWKHOLQHDUPRYHPHQWDQGWKHKHLJKW
RI WKHGRRUV WKHKHLJKW LQ WKHHOHYDWRUFDELQZLOOEH OHVV WKDQPPVR WKDW LWRQO\FDQEHXVHGE\
ZKHHOFKDLUXVHUVRUPD\EHVLWWLQJSHUVRQV)XUWKHUPRUHWKHV\VWHPZLOOFRQVWUDLQWKHLQWHULRUGHVLJQDQG
WKH JDQJZD\ RI WKH ZDJRQ 0RUHRYHU WKH LQVWDOODWLRQ RI DQ HOHYDWRU OLIW ZLOO FDXVH D FRQVLGHUDEOH
UHGXFWLRQ RI WKH XVDEOH GRRUZLGWK VR WKDW WKH SDVVHQJHU IORZZLOO EH GLVWXUEHG DQG FXUUHQW VWDQGDUGV
76, FRXOG QRW EH IXOILOOHG $GGLWLRQDOO\ WKHUH LV QR SRVVLEOH VSDFH WR VWRZ WKH HOHYDWRU OLIW LQ WKH
HQWUDQFHDUHDRUXQGHUQHDWKWKHURRIRIFODVVLFDO8,&ZDJRQVDQGDOORWKHUKLJKIORRUWUDLQV7KHIORRUDQG
WKHURRIDUHDDUHXVXDOO\XVHGDQGQHHGHGE\RWKHUWHFKQLFDOLQVWDOODWLRQV7KHGHWDLOHGWHFKQLFDODQDO\VLV




UHVXOWVRI WKH VWXGHQWVFRQWHVWKHOGE\ WKH789LHQQDDQG LQWHUQDOGHYHORSPHQWV$OO3'*SDUWLFLSDQWV
FRQFOXGHG WKDW IRU WKUHHQHZFRQFHSWV VORSLQJPDVW OLIWKLQJH OLIWDQGPRYHDEOH WZLQSLOODU OLQHDU OLIW
IHDVLELOLW\WHVWLQD8,&FRDFKVKRXOGEHGRQH'XULQJWKLVSKDVHWKHGHFLVLRQZDVPDGHWRFRQFHQWUDWHRQ
DVROXWLRQIRU8,&FRDFKHVDQGWKHUHIRUHWRDGDSWWKHGHVLJQUHFRPPHQGDWLRQVUHJDUGLQJSODWIRUPZLGWK
FDSDFLW\ DQG RWKHU SDUDPHWHUV 7KH RXWFRPH RI WKH WHFKQLFDO DQDO\VLV RI WKH 3'* SURYLGHG DJDLQ WKH
UHVXOWWKDWQHLWKHUWKHVORSLQJPDVWOLIWVROXWLRQQRUWKHKLQJHOLIWQRUWKHPRYHDEOHWZLQSLOODUOLQHDUOLIWLV
DSSOLFDEOH IRU FODVVLFDO8,&ZDJRQVGXH WR WKHPLVVLQJ LQVWDOODWLRQ VSDFH LQ WKH HQWUDQFH DUHDRI WKHVH
YHKLFOHV$QLQVWDOODWLRQRIRQHRIWKHVHOLIWW\SHVZRXOGFDXVHDFRQVLGHUDEOHUHGXFWLRQRIWKHGRRUZLGWK
VR WKDW WKH SDVVHQJHU IORZ ZRXOG EH GLVWXUEHG DQG FXUUHQW VWDQGDUGV 76, FRXOG QRW EH IXOILOOHG
+RZHYHUWKHUHVXOWVRIWKHGHWDLOHGWHFKQLFDODQDO\VHVLOOXVWUDWHGWKDWWKHOD\RXWRIROGHU8,&ZDJRQVDQG
PRGHUQKLJKVSHHGWUDLQVWKDWDUHGHVLJQHGIRUZKHHOFKDLUXVHUVDQGRWKHU350VLVQHDUO\LGHQWLFDO%RWK
RI WKHP KDYH VPDOO GRRUVZLWK  WR PP SRVLWLRQHG DW WKH HQG RI WKHZDJRQV%HFDXVH RI WKH
IROGLQJ RU VOLGLQJ VWHSV DV ZHOO DV RWKHU FRQVWUDLQWV WKHUH LV QR VSDFH XQGHU WKH GRRU DUHD IRU WKH











































DQG WKXV VDYHVDGGLWLRQDOFRVWV7KH LQVWDOODWLRQRI VZLYHO OLIWV LQROGHURUXVHGYHKLFOHV LVSRVVLEOHEXW
PD\ UHTXLUH DGMXVWPHQWV WKDW UHVXOW LQRQHRIIFRVWV'XH WR WKH LQVWDOODWLRQ LQ WKH HQWUDQFH DUHDRI WKH
WUDLQ WKH GHVLJQ RI WKH FRYHU LQ VWRUHG SRVLWLRQ FRXOG EH DGDSWHG DFFRUGLQJ WR WKH VSHFLDO GHVLJQ
UHTXLUHPHQWV RI WKH YHKLFOH PDQXIDFWXUHU DQGRU RSHUDWRU $OWKRXJK WKH GHFLVLRQV IRU WKH VZLYHO OLIW
GHVLJQKDGEHHQPDGHE\WKHFRQVRUWLXPWKHUHDUHVWLOOPDQ\FRPSOH[WHFKQLFDOGLIILFXOWLHVWKDWQHHGWREH
VROYHGGXULQJ WKHRQJRLQJGHVLJQDQGFRQVWUXFWLRQSKDVH7KH ILUVWGLIILFXOW\ LV WKHRSWLPLVDWLRQRI WKH
GLPHQVLRQV KHLJKW GHSWK ZLGWK LQFOXGLQJ WKH RSWLPLVDWLRQ RI WKH ZHLJKW $QRWKHU FKDOOHQJH LV WKH
RSSRUWXQLW\WRSRVLWLRQWKHSODWIRUPSDUDOOHOWRWKHWUDLQ)XUWKHUPRUHWKHXVDELOLW\IRUDOO350VQRWRQO\
ZKHHOFKDLUXVHUEXWDOVRSHUVRQVZLWKSUDPVRUZDONLQJVWLFNVHOGHUO\HWFWKHDXWRPDWLRQXVLQJWKHOLIW
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